Abstract Deterioration, or a new presentation, of pulmonary arterial hypertension (PAH), are recognized complications of pregnancy. In this report, we describe a patient with a family history of PAH who developed peripartum breathlessness and hypoxemia with ventilation-perfusion mismatch but no evidence of thromboembolism or PAH. Significantly reduced perfusion at both lung bases was noted on perfusion scintigraphy and three-dimensional magnetic resonance (3D-MR) perfusion maps in the immediate postpartum period. These abnormalities spontaneously resolved by 16 weeks postpartum, consistent with reversible pulmonary abnormalities of pulmonary perfusion. However, she developed new breathlessness four years later and was found to have developed PAH. This case provides a mechanism which may contribute to the high mortality seen in pregnant patients with PAH in the peripartum period. This case report describes a patient with no known pulmonary vascular disease, but with a family history of pulmonary arterial hypertension (PAH), who developed hypoxemia during late pregnancy and the puerperium. Abnormalities of pulmonary artery perfusion in the immediate postpartum period were noted on perfusion scintigraphy and threedimensional magnetic resonance (3D-MR) perfusion maps which have not been previously described and which resolved at follow-up. She developed PAH four years later.
Due to a family history of PAH, a 27-year-old asymptomatic, non-smoking Singaporean woman with no previous medical history was referred to the cardiology clinic seven weeks into her first pregnancy to screen for pulmonary hypertension (PH). Her father died of PAH at the age of 46 years and her sister (her only sibling) had been on treatment for PAH for five years. To our knowledge, the family had not had any genetic testing.
At presentation, the patient was asymptomatic at World Health Organization Functional Class (WHO FC) I, with oxygen saturations of 96% on air at rest. She underwent a transthoracic echocardiogram which showed normal right ventricular function and an estimated systolic pulmonary artery pressure (PAP) of 16 mmHg plus right atrial pressure based on the tricuspid gradient.
She was referred again at 34 weeks' gestation with breathlessness on walking up hills (WHO FC II), with an oxygen saturation of 93% on air at rest. Echocardiogram again showed no evidence of PH with systolic PAP estimated at 21 mmHg, and her dyspnea was felt to be due to her gravid uterus and diaphragmatic splinting. Lung function tests were not performed at this time.
At full term, she delivered a healthy baby girl by normal vaginal delivery with a moderate postpartum hemorrhage (dropping her hemoglobin from 153 g/L to 98 g/L). Of interest, her platelet count also dropped modestly from 166 to 137 Â 10 9 /L (normal range ¼ 150-400), but her clotting studies were normal (prothrombin time, APTT, and fibrinogen). After delivery, her oxygen saturation fell from 93% pre-delivery to 86-88% breathing air and she reported increasing breathlessness on minimal exertion in WHO FC III. Her chest was clear, her blood pressure and heart sounds were normal, and she had no clinical evidence of right or left heart strain. The electrocardiogram and plain chest radiograph were normal. A ventilation perfusion (VQ) scan performed one day postpartum showed normal ventilation throughout, but grossly reduced perfusion in both mid to lower zones, with normal perfusion at the apices (Fig. 1) . Computed tomography pulmonary angiogram (CTPA) on the same day showed no evidence of emboli or abnormal structural vasculature to correspond with the changes seen on VQ scan (Figs. 2 and 3 ). She was treated with 2 L/min oxygen therapy and prophylactic low molecular weight heparin, and after a Fig. 1 . VQ scan performed on day 1 postpartum showing ventilation-perfusion mismatches in both mid to lower zones during period of hypoxia.
further 48 h was able to maintain her oxygen saturation at 92% on air, although her desaturation on exercise remained the same.
Given concerns regarding an uncharacterized pulmonary vascular disorder she was referred to the regional PH referral center. Here, she underwent right heart catheterization (RHC) 13 days after delivery, (right atrial pressure ¼ 7 mmHg, pulmonary capillary wedge pressure
and pulmonary vascular resistance [PVR] ¼ 232 dynes/s/ cm 2 ). Following exercise on the catheter table, the heart rate increased from 85 bpm to 120 bpm, with increases in mPAP to 29 mmHg, in PCWP to 12 mmHg, and in cardiac output to 8.2 L/min, with a fall in PVR of 166 dynes/s/cm 2 . 3D-MR perfusion maps 14 days postpartum showed a similar picture to the perfusion scan, with less filling of the vessels inferiorly compared to apically (Fig. 4) . MR also demonstrated normal right and left ventricular function. CTPA demonstrated no evidence of thromboembolic disease and no evidence of a right to left shunt. Overnight oximetry on air showed a mean oxygen saturation of 87% with frequent small desaturations, but no significant apneas.
The patient was reviewed as an outpatient six weeks postpartum, at which time she had become asymptomatic with unlimited exercise tolerance. She climbed 90 18-cm steps in 3 min without breathlessness and retained oxygen saturations of 96% breathing air throughout. Fourteen weeks after childbirth, she was reassessed at the regional referral center. RHC demonstrated no change in mPAP at 23 mmHg. A repeat isotope perfusion scan was now within normal limits apart from very minimal patchy perfusion defects at the lung bases (Fig. 5) . 3D-MR perfusion mapping was also normal, with no evidence of significant desaturation on maximal exercise testing (Fig. 6 ). Six months after delivery, her transthoracic echocardiogram showed an estimated systolic PAP of 23 mmHg and she was asymptomatic in WHO FC I. 
Discussion
This case illustrates an unusual pulmonary vascular response during the postpartum period, which has not been previously described. It demonstrates reversible changes in pulmonary perfusion occurring in a woman with a family history of PAH but in the absence of PH. It suggests an abnormal pulmonary vascular response which may be one of a number of mechanisms responsible for the high mortality seen in women with PAH in the immediate postpartum period. In addition, this case describes the development of PAH several years following the initial presentation in pregnancy with complete resolution of symptoms in interim period.
PH has many causes which include idiopathic PAH, a rare condition with a relentlessly progressive course and if untreated has a median survival of <3 years. 1 Studies have suggested that 11-40% of patients with idiopathic disease and 70% of patients with a family history of PAH have a mutation in the BMPR2 gene.
2 Similar rates of this gene mutation are seen in PAH cohort studies in East Asian populations. 3 Importantly, so far there is no intervention that will prevent the development of PAH in patients who carry the genetic mutation.
Echocardiography studies of asymptomatic relatives of patients with PAH have shown that although pulmonary vascular pressures may be normal at rest, they can behave abnormally in response to exercise or hypoxia. 4 However, current guidelines do not recommend the use of stress echocardiography as a means of identifying early PAH due to the lack of validated criteria and prospective data. 5 The occurrence of PAH during pregnancy has been postulated to represent an unmasking of pre-existing disease due to the increased cardiovascular demands of pregnancy, or one of ''multiple hits'' that are thought to be required for the development of PAH in patients who are predisposed to develop the condition chronically, such as those with a family history of PAH.
Pregnancy in PAH is associated with a high rate of maternal death. Compared to previous decades, there has been an overall improvement in mortality in PAH at 25% versus 38% for all patients. 6 More recent studies have suggested improved outcomes when patients receive care in specialist centers with an overall mortality in the region of 10%. 7, 8 Mortality is particularly high in the immediate postpartum period with the majority of deaths occurring in the first seven days postpartum. 6 Pregnancy is a ''vasodilatory'' state with major changes occurring in the postpartum period resulting in reversal of this state. During pregnancy, fluctuating levels of estradiol and progesterone affect both physiology and pathology in the lung. 9 Hormonal mechanisms may also be responsible for the well-recognized phenomenon of worsening PH in pregnancy in women with established PAH. 10 The fact that this patient's condition worsened temporarily in the postpartum period with regards to oxygenation and pulmonary perfusion to the lung bases raises the possibility that reversible pulmonary vasoconstriction may play a part in postpartum pathophysiology.
Amniotic fluid embolism should be considered as a differential diagnosis here. However, this patient had breathlessness and mild hypoxemia from the 34th week of pregnancy and she had no traumatic risk factors during labor and she had an uneventful delivery. With no evidence of cardiogenic shock or disseminated intravascular coagulopathy (instead a finding of isolated thrombocytopenia alone), a clinical diagnosis of amniotic fluid embolism was ruled out. 11 Indeed, mother and baby had no neurological sequelae consistent with this diagnosis.
It is interesting to note that this patient's platelet count dropped peripartum. The authors postulate that the development of pulmonary microthrombi composed of platelets and fibrin may have been responsible for the transient reduction in perfusion in the postpartum period, as seen in PH in newborns. 12 In patients with severe PAH, where there is less vascular reserve, such an insult could potentially explain why patients can decompensate rapidly in the immediate postpartum period with an acute worsening of PH and with severe hypoxemia that may not respond to vasodilator therapy.
Generally, the physiological changes occurring in pregnancy return to normal within 3-6 months of delivery, and indeed this patient became asymptomatic with a normal oxygen saturation and normal pulmonary perfusion and hemodynamics within this time. However, we note that her mPAP remained at the high end of the normal range (with a mPAP in the range of 20-24 mmHg, albeit with a fall in PVR on exercise) and with a persistently reduced transfer factor (DLCO). The two CTPA scans were of sufficiently high quality to rule out chronic thromboembolic PH. 13, 14 The nature of this patient's pulmonary vascular changes was still indeterminate and prognosis unclear. Consequently, she was counseled against pursuing another pregnancy, and also in avoidance of estrogen-containing contraception as intimal proliferation has been reported in association with female reproductive steroids. 15 The genetic status of the patient and her family are not known and ideally should be studied.
There are often debates regarding the investigation of choice for suspected pulmonary embolism occurring during pregnancy, which is an important differential in a breathless hypoxemic patient in pregnancy or the postpartum period. In this patient, there was no evidence of pulmonary thromboembolism, and if a VQ scan had not been performed, the finding of reduced perfusion in the lower lobes and VQ mismatch as a cause of the hypoxemia would have been missed. It is notable that multiple studies in breathless pregnant patients have shown > 80% to have normal VQ scans in pregnancy, the remainder being diagnostic of pulmonary emboli. 16, 17 Subsequent investigation with MR imaging with 3D-MR perfusion maps and MR angiography confirmed reduced perfusion in the lower lobes in the absence of structural obstruction and no evidence of a right to left shunt. Vasculitis can also lead to reversible perfusion defects with a normal CT scan, 18 but her clinical presentation did not fit this diagnosis and her autoimmune screen was normal. To our knowledge, such reversible pulmonary perfusion abnormalities have not been described previously in the postpartum period.
In conclusion, we identify a mechanism (transiently abnormal perfusion of unknown pathophysiology) that may in part explain the high mortality seen in the postpartum period in patients with PAH. In addition, the fact that this patient has gone on to develop established PAH four years later, emphasizes the significance of an increase in PAP over time, even if it remains within the normal range. This should prompt consideration of continued follow-up in patients with a family history of PAH who have borderline elevated PAP.
